
 

 

  
Abstract—This paper is focusing on designing a control system 

for wind turbine which can control the speed and output power 
according to arbitrary algorithm. Reference Tracking Method is used 
to control the turbine spinning speed in order to increase its output 
energy.  

 
Keywords—Wind Turbine, Simulink, Reference Tracking 

Method.  

I. INTRODUCTION 
N appropriate method for dynamic analysis of 2.5 MW 
nominal power Wind turbine is Lagrangian  Dynamic 

Method.  6412NACA  has been chosen for blade section and 
with Design Foil software which involves complete 
information of several blades section, the data are obtained. In 
the next step these data are sent to Solid Work software and 
cross section is drown and it will be 3D. This 3D model is so 
important because without complicated calculations, tensor of 
momentum of blade will be obtained.  

For calculating total kinetic energy of wind turbine, the 
kinetic energy for rotation and transformation of blades and 
rotors should be calculated. 

 
3 3total tH rH tB rBT T T T T= + + +                            (1) 

 
The potential energy of rotor will be zero and it doesn’t 

change when wind turbine works. 
 

0=totalU                                            (2) 
 

According to values of kinetic and potential energies, 
 

total totalL T U= −                                      (3) 
 

Number of system’s constrains is zero and equations of 
forced torque to the system is at the right side of equation. 
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Using these three equations rotor, blades and hub will be 
simulated and this model is ready for simulation process.  

Tangent force on the blade at distance r  from center of 
rotor will be: 

 
21 ( sin cos )

2T w rel L DdF U C C cdrρ η η= −                         (4) 

 
In this equation, relU  is relative velocity of wind, η is sum 

of α and β , β  is angle of blade pitch, α  is angle of attack, 

DC and LC are drag  and lift coefficients, c  is length of chord 

and wρ is density of air. If rotor has B  Blades, aerodynamic 
torque of tangent force at distance r  from rotation center will 
be: 

 
Aero TdM BrdF=                                  (5) 

So: 
 

21 ( sin cos )
2Aero w rel L DdM B U C C crdrρ η η= −            (6) 

 
By integration from Eq. (6) along the blade, total torque 

will be obtained. [1] 
It is  assumed  that the length of blade is approximately 40 

meter and the value of chord when radius is 4.2 m will be 1.5 
m and when radius is 40 cm  chord will be 0.4 m .  

By assuming linear variation of chord along the blade and 
by using other conditions: 

 
( ) 0.03072625 1.62905027c r r= − +                     (7) 

 
So Eq. 7 by assuming 3B = : 
 

40 2

4.2

3 ( sin cos ) ( )
2Aero w rel L DM U C C c r rdrρ η η= −∫              (8) 

 
Regardless of aerodynamic torque at radius distance less 

than 4.2 m is ignored. By using Point Mark Method For lift 
and drag coefficients in Eq. (8)  the equations will be obtained 
as follow: 

 
3 20.00089102564 0.01315384614 0.05650641032LC α α α= − + +   (9) 

and, 
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20.00005490196 0.00065098039 0.0055DC α α= + +            (10) 
 

By substituting above equations in Eq. (8) the aerodynamic 
model is ready. 

By using Maple software and Simpson method the problem 
is solved with a good approximation. If air density is equal to 
1.25 

3
kg

m
, the result is a function of , Wand Uϕ β . So this 

integral (Eq. (8)) is aerodynamic model of wind turbine and it 
is ready to use for simulation [2]. 

For an inductive generator, Synchronization velocity is 
defined: 

 
4

s
f

p
πω =                                      (11) 

 
f  is voltage frequency of stator and p is number of 

stator’s poles. Slip is defined as below: 
 

s r
s

s

n ω ω
ω
−

=                                   (12) 

sω  is speed of Synchronization and rω  is speed of rotor. 
[3] 

For small slip: 
2

2

t
e s

s

ET n
Rω

≅                                   (13) 

eT is electric torque, tE is The venin voltage and 2R is 
resistance of rotor coil. 

r
e L e

dT T J
dt
ω

− =                               (14) 

 
In the above equation LT , 

eJ  and rω are mechanical torque, 
Rotational inertia and Rotational speed of the generator rotor. 

 Finally electrical output power for three phases in this 
generator is presented by Eq. (15) : 

 

23 cose tP E I φ=                                      (15) 
 

2I  is current of stator coil and φ  Is the phase difference 
between voltage and current. Finally from equations 12, 13, 
14 a simple model is obtained and it will be used for 
calculation and simulations.  

Simulink is one of the most powerful software for this 
purpose, After that we have the model and by using inputs 
from other software Simulink can solve the problem [4]. 

II.  REFERENCE TRACKING METHOD 
To control wind turbine a pitch method is used in this 

paper. In this method each blade of turbine can rotate around 
its axis. Supervised by a computer blade angle is changed 
each moment to gain the maximum power. 

In Fig. 1 you can see variation of power against speed of 
rotor. At each constant wind velocity with variation of rotor 
speed, power increases then at a specific speed the value of 
power will be maximum. After that with increase of rotor 
speed, power decreases. So we can find an optimum rotor 
speed for each wind speed. 

As a good suggestion, It’s better if turbine always works at 
speed that we have maximum amount of power.  So in low 
speed, turbine must follow the maximum power. From low 
until average speed turbine has to work in nominal speed, but 
in high speed the power must be lower than nominal power 
and speed of rotor must decrease with a controller.  

We can define three working area for turbine using 
Reference Tracking Method. In this definition for each wind 
speed a certain value for rotor speed is defined and controller 
checks this. 

 

Fig. 1 Variation of power with rotor speed  

III. DESIGN OF SPEED CONTROLLER    
Working area of wind turbine is shown in Fig. 2. The best 

area is “a”, but according to the break in the curve “b” and “c’ 
are suggested. So for “b”: 

 
5 5 3 4

1 3 2

0.9805714241 10 0.9134285681 10

0.3300380942 10 (20) 0.5705357130

4.645061897 10.24714284

ref W W

W W

W

U U

U U

U

ψ − −

−

= × − × +

× − −

−

     

(16) 

 
Fig. 2 Working area of wind turbine 
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The system is shown in Fig. 3. Every moment the speed of 
rotor is compared with defined speed and if there is an error 
required voltage should send to motor and the pitch angle 
changes, also the speed of rotor will change. In this problem 
we used PID controller with  =PK ،8500 =IK 95و  =DK 5610. Fig. 
4. 

 

 
Fig. 3 Wind turbine modeling 

 

 
Fig. 4 PID controller 

IV. YAW CONTROLLER 
To control the direction of wind turbine against wind, yaw 

controller is used. Every moment by changing wind direction 
a return torque changes the direction of turbine, Fig. 5. 

 

 
Fig. 5 Yaw controller 

V. CUT-IN & OUT SPEED 
While the wind speed is not enough for working, breaks 

stop the turbine and when wind speed is high, wind turbine 
will stop. Speeds for Cut-in and Cut-out are 5 and 25

2
m

s
(Fig. 

6). 
 

 
Fig. 6 Cut-in and Out speeds 

VI. RESULTS 
To solve this problem we assume an optional condition. For 

example if wind speed is constant and equal to 12.5 
2

m
s

and 

load voltage is variable, in Fig. 7 (a), (b), (c) and (d) you can 
see the results. 

Diagrams of load voltage, error percentage, electric power 
and yaw error are shown. In this case speed error is 0.02± And 
yaw error is 0.001rad± . Also the results for a variable speed 
in comparison to with constant speed shows 3.47 percentage 
increase in energy absorbing from wind. 

 
Fig. 7 (a) Diagrams of load voltage 

 
Fig. 7 (b) Diagrams of error percentage 
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Fig. 7 (c) Diagrams of electric power 

 
Fig. 7 (d) Diagrams of yaw error 
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